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Abstract 
A new type of capacitive sensor based on flexible organic material is presented. The device fabrication is based on a lamination 
process of copper-clad laminated composites. The device was evaluated both as pressure and tactile sensor. The proposed 
fabrication technology presents several advantages concerning the direct integration with the corresponding electronics, the 
flexibility of the structure, the direct modification of the final geometry and the simplicity of the process. 
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1. Introduction 
Pressure sensors are one of the most common utilizations of microelectromechanical systems (MEMS) [1-4]. 
Typically MEMS are fabricated on Si substrate with the aid of a variety of micromachining techniques which have 
been developed in the past decades [5]. A relatively recent trend concerns the formation of MEMS based on 
polymers, as the specific type of materials exhibits numerous beneficial properties. Within this context, 
microsystems based on printed circuit boards (PCBs) have been presented, offering as a primary advantage the 
direct electrical communication of the device elements to the macroworld. This way the packaging procedure is 
greatly simplified and the overall cost significantly reduced. By utilizing flexible PCBs as the initial device 
substrate, it is possible to develop flexible sensors or actuators, with their operational performance largely defined 
by the substrate properties. In this context pressure sensors based on flexible substrates have been reported by some 
research groups [6-7]. In this paper we present a capacitive pressure sensor, which consists of commercially 
available copper clad laminated composites based on a flexible polyimide substrate (Kapton). The fabrication of the 
device is based on a high performance, low-cost process, which does not require expensive and specialized 
micromechanical equipment. The function of the final device both as a pressure and as a tactile sensor is indicated in 
the paper.  
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 2. Fabrication Technology 
The fabrication technology developed 
aims to form a capacitive sensor, defined 
by two flexible electrodes. An expanded 
view of the device structure is given Fig 
1a, whereby a pressure sensor array 
consisting of a sequence of three flexible 
layers, is shown.  
The copper electrodes reside on the 
outer surfaces of the top and bottom 
Kapton layers. The formation of the 
copper structures is achieved by standard 
photolithography and chemical etching 
methods. In between the top and bottom 
flexible layers, an intermediate Kapton 
layer is placed, in which ordained cavities 
of well defined size are patterned. In order 
to bond the flexible layers together, 
additional layers of adhesive material are 
placed in the stack, each one in between 
of two Kapton layers. The final stage of 
the process is the bonding of the Kapton 
layers, which takes place at the 
thermopress, with well defined 
temperature and pressure conditions. The 
resulting structure is a capacitor as 
defined by the copper electrodes and the 
sealed cavity in between (Fig.1b). A 
photograph of the physical device is 
shown in Fig.2.  
Regarding the operating principle of the 
device, the sensing element is the formed 
capacitor, the capacitance of which is associated 
to the external pressure. Specifically, the change 
in external pressure induces a deformation in the 
enclosed cavity, which is detected as a change 
in the monitored capacitance. In has to be 
mentioned that the utilization of the specific 
operating principle and the corresponding 
sensor performance are mainly affected by the 
substrate material properties. 
 
 
3. Technology demonstration - applications 
The fabricated device can find applications in 
various fields. Herein we demonstrate the 
applicability of the device in both pressure and 
Fig. 2. A photograph of the fabricated sensor array 
Fig 1  
a) The stack of the flexible layers of which the sensor consists of.  
The layers that contain the copper electrodes are bonded together 
with an intermediate spacer layer comprising predefined 
cylindrical cavities using a standard lamination process. 
b) Schematic of the final device. The sensor structure allows the 
integration of electronic components in the same flexible substrate 
using standard assembly techniques. 
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 tactile sensing. 
Initially, for the calibration of the device as a 
pressure sensor, a specially designed 
experimental setup was designed, which consists 
of a sealed chamber connected to a nitrogen 
bottle, in which predefined overpressure can be 
applied. The corresponding electronics allow the 
electrical communication of the device with the 
environment. The sensor response (capacitance 
change) as a function of the applied pressure is 
illustrated in Fig.3. Two different geometrical 
configurations are presented. The first one (C1) 
consists of 2mm diameter electrodes and 4mm 
diameter cylindrical cavity. The corresponding 
dimensions for the second configuration (C2) are 
4mm and 8mm. The extracted sensitivities for the 
C1 and C2 configurations are 0.14fF/mbar and 
0.78fF/mbar respectively, while the 
corresponding normalized sensitivities 
(ΔC/Co×106) are 560ppm/mbar and 
920ppm/mbar. The graph of Fig.4 also reveals a 
negligible signal hysterisis, a characteristic 
attributed to the optimized sensor design. An additional beneficial characteristic is the very low initial capacitance 
value (C01=248fF, C02= 848fF).  
Besides pressure sensing, the device can act as a tactile sensor which measures the lateral distance at which the 
cavity is deformed, therefore sense the displacement of a moving object. The tactile sensing principle lies on the 
detection of the cavity deformation induced by the tip of a moving object which is in contact with the surface 
electrode, as shown in Fig.4. The position of the tip is 
associated to the measured capacitance change. In order to 
evaluate the sensor, an appropriate measurement setup was 
realized, whereby the upper electrode of the sensor is in 
contact with a moving tip, while the bottom electrode 
remains fixed on a standard level. The movement of the tip 
is performed in a controlled manner with a minimum 
resolution of 1μm. The results of the sensor operation 
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Fig 3. Capacitance change with respect to the capacitance at 
zero pressure as a function of the applied pressure 
 
Fig 4. The operating principle of tactile sensing 
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Fig. 5. Capacitance change as a function of the needle displacement.
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regarding the aforementioned device configurations are depicted in Fig.5, whereby the capacitance change as a 
function of the distance made by the moving tip is shown. The capacitance change is an increasing function of 
distance in a non linear fashion, while the measurement range of the device is approximately equal to electrode 
distance.    
 
4. Conclusion 
A new type of a capacitive sensor fabricated on flexible organic material was demonstrated. The fabrication 
procedure consists of merely two stages, allowing for a low fabrication cost and process time. The fabricated 
devices were evaluated as pressure sensors and as tactile sensors for two different combinations of electrode and 
cavity sizes, revealing a high sensitivity. Parameter optimization is expected to significantly enhance the overall 
sensor performance in terms of sensitivity and measurement range.  
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